INTRODUCTION
============

Worldwide, gastric cancer (GC) is the fifth most common malignant cancers, leading to an estimated 952,000 new cases in GLOBOCAN 2012.^[@R2]^ Despite recent advances in medical technology have made it possible for early detection of tumors through screening, diagnosis, and treatment, the prognosis of GC still remains poor. In 2012, there were an estimated 723,000 cancer-related deaths with a poor 5-year overall survival (OS) rate.^[@R1],[@R2]^ The high mortality rate of GC is due to advanced metastasis but not the primary cancer. Therefore, detecting novel and target-based biological markers are core value for improving diagnosis and treatment of GC as early as possible.

In the 1950s, Gray et al first describes the hypoxic tissue areas of tumors, and then the feature was widely found in many solid human tumors.^[@R3]^ Tumor hypoxia, areas of low oxygen, is associated with metabolism, differentiation, necrosis or apoptosis, and rapid growth of tumors. Also, it can adversely affect the prognosis of cancers of breast, uterine cervix, head and neck, rectum, lung, and so on.^[@R4],[@R5],[@R6]^ Some researchers have elucidated 1 mechanism by which hypoxia-inducible factors (HIFs) predominantly prompt the adaptation to hypoxia at the level of cell and tissue.^[@R13]^ In addition, detailed studies have also hypothesized that HIFs are essential mediators of the cellular oxygen-signaling pathway, and HIFs expression correlated with a poor patient prognosis, and regulated metastasis, differentiation from the aspects of tumorigenesis.^[@R14]^ Until now, hypoxia-inducible factors (HIFs) have been discovered and evaluated in GC, including hypoxia-inducible factor-1α (HIF-1α), hypoxia-inducible factor-2α (HIF-2α), and hypoxia-inducible factor-3α (HIF-3α). Among of all 3 HIFs, HIF-1α, and HIF-2α are the most extensively studied and are the well-characterized. In recent most clinical studies, HIF-1α expression, but also HIF-2α expression, was placed as an explicit critical regulator and was associated with a poor prognostic in many human solid tumors, including cancers of stomach, colorectum, ovary, and so on.^[@R14],[@R15]^

Interesting, for GC, prior research focused on the association between HIF-1α expression and prognosis and clinicopathological features. Besides, 1 previous published meta-analysis has reported that HIF-1α associated with poor OS and disease-free survival (DFS) in GC.^[@R16]^

However, there has been no reported meta-analysis about HIF-2α in GC. So, this paper analyze the correlation of HIF-2α clinicopathological features and link with 5-year overall survival rate in gastric cancer, which were known to provide useful information for cancer prognosis and treatment. Based on the above, we summarized all the available clinical trials to finish a meta-analysis about HIF-2α expression, and further confirm prognostic value and clinicopathological differences of HIF-2α in GC. Moreover, in this paper, we investigated several high-quality studies have been published recently, and we also reviewed and explored the potential evidences that association between HIF-2α expression and clinicopathological features as well as 5-year overall survival rate for GC patients.

MATERIALS AND METHODS
=====================

Ethics Statement
----------------

This study was authorized and approved by the Clinical Research Ethics Committee of Affiliated Hospital of Qinghai University and Cancer Hospital, Chinese Academy of Medical Sciences.

Literature Retrieval
--------------------

We searched the literature from PubMed, Cochrane Library, and EBSCO using the terms: "HIF-2α," "HIF2α," "HIF-2," "HIF2," "hypoxia-inducible factor 2α," "hypoxia-inducible factor-2α," "EPAS1," "Gastric Cancer," "Gastric Carcinoma," "Stomach Cancer," "Stomach Carcinoma," "Stomach Neoplasm," "Stomach Neoplasm." Meanwhile, the search strategy also limited to next terms "prognostic value" "prognosis" or "clinicopathological." In addition, MeSH terms as well as other free text words were used in our retrieval.

Inclusion and Exclusion Criteria
--------------------------------

The objective of this meta-analysis was to evaluate the prognostic value of HIF-2α expression in GC patients regarding OS and give the correlation between clinicopathological features and HIF-2α expression. Therefore, only published articles in English languages were selected in our meta-analysis. In addition, to satisfy our eligibility, studies had to fulfill the following inclusion criteria: (1) gastric tissue specimens from human, not animals; (2) using immunohistochemical (IHC) analysis for HIF-2α in human gastric tissue specimens; (3) offering the IHC images of specimens; (4) the relationship between clinicopathological features and HIF-2α expression should be depicted; or (5) provides information about 5-year overall survival rate.

The exclusion criteria for our selected literature were as follows: (1) letters, case reports, and conference records without original data; (2) specimens from animals or cell lines; (3) specimens from other solid tumors; (4) studies lacking substantiated evidence of HIF-2α expression on survival; and (5) specimen information from secondary literatures or overlapping articles.

Qualitative Assessment
----------------------

Quality assessment was matched with the Newcastle Ottawa quality assessment scale (NOS).^[@R17]^ We systematically evaluated the quality of all the studies, and 0 and 9 scores were respectively designated as lowest and highest quality. Studies with scores of 5 to 9 are considered as high quality, whereas 0 to 4 as low quality in our meta-analysis. Detailed scores on the 6 studies were listed in Table [1](#T1){ref-type="table"}.

###### 

Newcastle Ottawa Quality Assessment Scale (NOS) of All Studies

![](medi-95-e2871-g001)

Data Analysis
-------------

The paper was analyzed using the STATA statistical software (version 12.1). The pooled effect was calculated using either a fixed-effects or a random-effects model in odds ratio (OR) with 95% CI. Heterogeneity of studies was assessed by chi-square and *Q* statistical test. We calculated the OR with the random effects model when the studies were homogeneous (with chi-square was ≥ 50%, *P* \< 0.1 for the *Q* test). Beyond that, we choose the fixed effects model. Overall, a *P* value \< 0.1 or chi- square was ≥ 50% indicates significant heterogeneity among studies.^[@R18]^ The possibility of publication bias was assessed using a funnel plot when the *P* values \< 0.1 for the *Q* test. In the Harbord et al study, researchers observe that an appropriate Harbord\'s test reality better than Egger\'s test with little studies.^[@R19]^ Therefore, publication bias was evaluated by Harbord\'s test not Egger\'s test and Begg\'s test. Specially, the difference was statistically significance when the *P* values \< 0.05 in our meta-analysis.

RESULTS
=======

Literature Research and Study Characteristics
---------------------------------------------

The initial search strategy retrieved 208 publications. We screened all titles, abstracts, and full texts. Finally, 6 eligible studies,^[@R7]--[@R12]^ ranging from 2008 to 2015, were included in our analysis. Figure [1](#F1){ref-type="fig"} described how exacting the process was, and explaining the whole work. Table [1](#T1){ref-type="table"} retrospectively analyzes and summarizes the characteristics of all the studies in the final analysis. Six studies, involving 508 GC specimens, were included to evaluate the association between HIF-2α expression and clinicopathological features. And, a total of 2 studies met our criteria and were included for analysis the correlation between HIF-2α expression and OS. To date, the morbidity and mortality of GC are comparatively higher in Eastern Asian populations, such as Chinese, Japanese, and Korean. Meanwhile, in our meta-analysis, 4 studies were conducted in China (298 specimens), 1 in England (172 specimens), and 1 in Korea (38 specimens), respectively.

![The association between HIF-2α positive and tumor infiltration: HIF-2α-positive expression in GC associated with deeper tumor infiltration (OR = 3.08; 95%CI: 1.18--8.04).CI = confidence interval, GC = gastric cancer, HIF-2α = hypoxia-inducible factor-2α, OR = odds ratio.](medi-95-e2871-g002){#F1}

Correlation Between HIF-2α-Positive Expression and Clinicopathological Features of GC
-------------------------------------------------------------------------------------

Of all cancer-related clinicopathological features, all the pooled date of 6 studies showed that HIF-2α-positive expression were significantly associated with depth of invasion, lymphatic metastasis, and TNM staging of GC.

Data on the association between depth of invasion and HIF-2α expression was shown in 4 studies.^[@R7]--[@R9],[@R11]^ As shown in Figure [2](#F2){ref-type="fig"}, patients with T3 and T4 gastric cancer had higher HIF-2α expression (343 specimens; OR = 3.08; 95%CI: 1.18--8.04; *P* = 0.022; random effects model) than those with T1 and T2 GC, with moderate between-study heterogeneity (*I2* = 66.5%; *P* = 0.030). Also, we revealed the correlation between HIF-2α-positive expressions with other clinicopathological features. Figure [3](#F3){ref-type="fig"} showed that positive expression of HIF-2α was closely associated with much higher lymphatic metastasis (OR = 3.26; 95%CI: 1.10--9.63; *P* = 0.033; random effects model),^[@R7]--[@R11]^ and much more advanced TNM staging in Figure [4](#F4){ref-type="fig"} (OR = 2.61; 95%CI: 1.40--4.84; *P* = 0.002; random effects model).^[@R8]--[@R12]^

![The association between HIF-2α positive and lymphatic metastasis: HIF-2α-positive expression in GC associated with higher rates of lymphatic metastasis (OR = 3.26; 95%CI: 1.10--9.63). CI�=�confidence interval, GC�=�gastric cancer, HIF-2α = hypoxia-inducible factor-2α, OR = odds ratio.](medi-95-e2871-g003){#F2}

![The association between HIF-2α positive and TNM stage: HIF-2α-positive expression in GC associated with higher TNM stage (III+IV) (OR = 2.61; 95%CI: 1.40--4.84). CI = confidence interval, GC = gastric cancer, HIF-2α = hypoxia-inducible factor-2α, OR = odds ratio.](medi-95-e2871-g004){#F3}

![The association between HIF-2α positive and tumor differentiation: HIF-2α-positive expression has no association with worse tumor differentiation (OR = 2.03; 95%CI: 0.73--5.64) in GC. CI = confidence interval, GC = gastric cancer, HIF-2α = hypoxia-inducible factor-2α, OR = odds ratio.](medi-95-e2871-g005){#F4}

In Figure [5](#F5){ref-type="fig"} of our meta-analysis, 3 studies^[@R7],[@R10],[@R11]^ provides the information of grade of tumor differentiation (poor, moderate or well), but only 1 study (Tong et al) show relationship of HIF-2α expression with poor tumor differentiation. After we combine all the 3 studies, there is no statistically signification (OR = 2.03; 95%CI: 0.73--5.64; *P* = 0.173; random effects model), with moderate between-study heterogeneity (*I2* = 68.4%; *P* = 0.042). We reassessed and reanalyzed aforementioned factors in subgroups defined by race, compared the differences of East Asians with Westerns, and eliminated ethnic differences. The detailed results are shown in Table [2](#T2){ref-type="table"}. Results showed that that HIF-2α overexpression was closely associated with deeper tumor infiltration, higher lymphatic metastasis, higher TNM stage, worse tumor differentiation, and low 5-year overall survival among East Asians. Surprisingly, among Westerns HIF-2α overexpressions are only related with deeper tumor infiltration.

![The association between HIF-2α positive and 5-year overall survival: HIF-2α-positive expression in GC associated with much lower 5-year overall survival (OR = 2.08; 95%CI: 1.21--3.58). CI = confidence interval, GC = gastric cancer, HIF-2α = hypoxia-inducible factor-2α, OR = odds ratio.](medi-95-e2871-g006){#F5}
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The Characteristics of Populations Based on Different Areas
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Correlation Between HIF-2α-Positive Expression and 5-Year Overall Survival
--------------------------------------------------------------------------

In Figure [6](#F6){ref-type="fig"}, 6 studies^[@R7]--[@R12]^ mentioned corrections between poor prognosis (OS) and HIF-2α expression in GCs, but only 2 of them reported extract figure of 5-year OS. Meta-analysis revealed that patients with HIF-2α positive expression correlated significantly with poor 5-year OS. In this meta-analysis we applied the fixed effects model to obtain the result because heterogeneity was *I*^*2*^ = 0.0%, and *P* = 0.607. Of special note, the paper of Tong only provided readers a 5 years survival curve, and we obtain the exact date with the help of the responding author of this paper.

![The search flow of literature: about 208 articles were retrieved, and those irrelevant articles were excluded, finally 6 articles were included.](medi-95-e2871-g008){#F6}

Publication Bias
----------------

We used Harbord\'s test to assess publication bias for all comparisons. The results of Harbord\'s test showed there were no evidence of publication bias on TNM staging (*P* = 0.364), tumor infiltration (*P* = 0.991), lymphatic metastasis (*P* = 0.213), and tumor differentiation (*P* = 0.454), which means that there are no small-study effects. In our meta-analysis, all but one of the selected studies for meta-analyses was from the East Asian patients.^[@R17]^ So, we recalculate results after taking out that one. The detailed result is listed in Table [2](#T2){ref-type="table"}.

Subgroup Analysis
-----------------

Interesting, for East Asians, HIF-2α-positive expression associated with deeper tumor infiltration (OR = 3.81; 95%CI: 1.03--14.08), higher lymphatic metastasis (OR = 4.71; 95%CI: 1.08--20.50), higher TNM stage (OR = 3.21; 95%CI: 1.57--6.57), worse tumor differentiation (OR = 3.08; 95%CI: 1.51--6.31), and lower 5-year overall survival (OR = 2.34; 95%CI: 1.15--4.79) (Table [2](#T2){ref-type="table"}). Also, the results of Harbord\'s test showed there had no publication bias. (The results were not shown.).

DISCUSSION
==========

Hypoxia was first described in the 1990s as a prognostic value for patient, thereafter repeatedly mentioned in solid tumor. Hypoxia is a primarily pathophysiological consequence with the high uncontrolled growth of tumor, especially tumor angiogenesis. Equally important, tumor hypoxia can increase tumor aggressiveness by up- or downregulates the expression of HIFs.^[@R20],[@R21]^ Briefly, HIFs plays an important role in promoting tumor. HIF-1α, its expression in various human cancers, has been reported and detected by numerous researches.

So what do we know about HIF-2α expression? Recent studies also have demonstrated that HIF-2α is overexpressed in various human malignancies. In contrast, HIF-2α expression plays a key role in the progression of renal carcinoma and neuroblastoma, whereas its expression is lost in patients of colon cancer with advanced tumor stage.^[@R22]^ Moreover, HIF-2α expression has been performed to assess the prognosis in many solid tumors. For renal cell carcinoma, the high expression of HIF -2α was significantly associated with poor cancer-specific survival.^[@R23]^ But, for GC, the association between HIF-2α expression and prognosis and clinicopathological features remains controversial.

To our best knowledge, this is the first meta-analysis that revealed the association between HIF-2α expression and clinicopathological features of GC. Meanwhile, we enacted strict and exacting quality control in its inclusion and exclusion criteria to insure that quality-reliable results.

What is more, due to the limitation of meta-analysis, data were collected from different authors and organizations. And, in this paper, tumor differentiations of GC were classified into 2 categories, including poor-well and moderate. So, the association between HIF-2α expression and tumor differentiation needed more detailed classification and made subgroup analysis in future research. Considering that HIF-2α overexpression was significant with lymph node metastasis, depth of invasion, and TNM staging, it should be specially noted in next step survival analyses. However, our study successfully confirmed elevated HIF-2α associated with poor prognosis and advanced clinicopathological features for patients with GC. In particular, we clearly observed that HIF-2α expression with deeper tumor infiltration in this paper. Additionally, we explored the correlation between the expression of HIF-2α and clinicopathologic features of GC, and found that the expression of HIF-2α was linked with deeper tumor infiltration, lymph node metastasis, and higher TNM staging (III+IV), but no with poor tumor differentiation.

Again in this meta-analysis, we also found that the 5-year OS in the HIF-2α positive group was significantly lower than that in the HIF-2α negative group. We used the Harbord\'s test to assess publication bias for all 5 comparisons in our meta-analysis; fortunately, the result showed that there has no small-study effect. And the results, analyzed by Harbord\'s test, could further explain our retrieved articles with high quality and reliability.

From our subgroup analysis, there is significantly association between HIF-2α-positive expression and clinicopathologic features, and low 5-year overall survival among East Asians. Specifically, for East Asians, HIF-2α-positive expression associated with deeper tumor infiltration, higher lymphatic metastasis, higher TNM stage, worse tumor differentiation, and lower 5-year overall survival. However, for West, HIF-2α-positive expression had no association with lymphatic metastasis, TNM stage, tumor differentiation, and 5-year overall survival (Table [2](#T2){ref-type="table"}). Of special note, the conclusions of East Asians come from 5 studies, but only 1 study in West study.^[@R7]--[@R12]^ Based on above, the study of East Asians come from different center and may eliminate possible single center bias. Therefore, the conclusions indicate that meta-analysis is appropriate to analyze the populations from Eastern Asia. As far as Westerns is concerned, more prospective studies are needed to eliminate potent confounding factor. Again, this study may provide some reference for further studies about HIF-2α in gastric cancer.

Though we followed strict quality standard, several limitations of this meta-analysis should also be acknowledged. First, the sample size of our included studies was relatively small, which might influence the validity of our analysis; hence, a larger sample size is needed. Second, the assessments of HIF-2α overexpression were different; it may affect the interpretation of results of meta-analysis due to artificial errors of immunohistochemistry. Third, although we recalculate results after taking out that one from England, it may be necessary to more accurate results to reflect the ethnicity.

Taken together, the meta-analysis suggested that HIF-2α-positive expression could be a useful prognostic marker may be a potential therapeutic target for GC patients. In addition, our meta-analysis will provide useful information for clinical decision clinical prognosis in GC. But today, further studies are needed to elucidate the accuracy of these results.
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